Worldwide, measles infects about 20 million people with about 200,000 deaths annually. On February 12, 2016 an outbreak of measles was reported from Sokoto state, Nigeria.
What this study adds: 1 . What is known about this subject? Immunization campaign activities are known to reduce the risk for vaccine preventable diseases in susceptible children, thereby preventing outbreak of such diseases in communities.
What new information is offered in this study?
Despite a state-wide measles supplementary immunization campaign in Sokoto state three months earlier, a large measles outbreak occurred in the state.
What are the implications for research, policy, or practice?
Policies should be directed towards strengthening disease surveillance system and a more robust immunization campaign, especially to under-served and hard-to-reach settlements.
Background
Measles is an acute, highly infectious viral disease caused by the measles virus. The measles virus belongs to the family Paramyxovirus and genus Morbillivirus. It is 120-250nm in diameter, with a core of single-stranded RNA. 1 Measles is transmitted through aerosols and droplets and can spread easily through the coughs and sneezes of those infected. It may also spread through contact with saliva or nasal secretions. Measles has an attack rate of more than 90 per cent among non-immune individuals. 2 The incubation period of measles from exposure to rash onset averages 14 days (7-21 days). It is characterized by fever, followed by the onset of cough, coryza (runny nose), or conjunctivitis. Koplik spots, a rash present on mucous membranes, is considered to be pathognomonic for measles. 2 Koplik spots occur onetwo days before to one-two days after the rash, and appear as punctate blue-white spots on the bright red background of the buccal mucosa. Infectiousness starts four days before to four days after the appearance of rash. Measles infection confers lifelong immunity to the disease. 1, 3 The Case Fatality Rate (CFR) for measles in developed countries ranges between 0.1 per cent -0.2 per cent. In developing nations with high levels of malnutrition and a lack of adequate healthcare, CFR can be as high as 10 per cent. In cases with complications, the CFR may rise to 20 per cent -30 per cent. 1 Worldwide, measles infects about 20 million people and causes about 200,000 deaths annually, primarily children. 4 These numbers can vary dramatically over a short period of time depending on the vaccination status of the population.
Before measles vaccination became widely available, measles epidemics occurred every two or three years, particularly in preschool-aged and school-aged children. 4 Measles remains one of the leading causes of death among young children globally, despite the availability of a safe and effective vaccine. Approximately 114,900 people died from measles in 2014 -mostly children under the ages of five. 5 Measles vaccination resulted in a 79 per cent drop in measles deaths between 2000 and 2014 worldwide. In 2014, about 85 per cent of the world's children received one dose of measles vaccine by their first birthday through routine health services-up, as compared with 73 per cent in 2000. 5 Measles remains a major childhood killer throughout most of Africa, responsible for an estimated 435,000 deaths or approximately 50 per cent of global measles deaths in 1995.
Approximately 80 per cent of these deaths occurred in West and Central Africa. The West African sub region also reported the highest measles morbidity between 1992-1997 (121 measles cases per 100,000 inhabitants). 6 Measles is an endemic disease in Nigeria, with recurrent outbreaks occurring at irregular intervals. Measles transmission in Nigeria occurs through all months of the year, but peaks in the dry season (February, March and April). Measles transmission also sometimes occurs immediately after the end of the rainy season and often reaches epidemic proportions in the dry season. 7 In Nigeria, measles is still a leading cause of under-five mortality and morbidity. The disease was said to be responsible for one per cent of deaths in under-fives in 2013 in Nigeria. 8 The failure to deliver at least one dose of measles vaccine to all infants remains the main reason for high measles morbidity and mortality, as 95 per cent coverage is required to interrupt measles transmission. 9 In line with the Global elimination plan, Nigeria's objective was to reduce measles mortality by 95 per cent in 2015 and achieve elimination by 2020. Nigeria conducted one catch up campaign in 2005 and three follow-up campaigns in subsequent years. 5, 8, 10 Despite these efforts, vaccination coverage, though increased from 35 per cent to 50 per cent, is still below the 95 per cent coverage needed to reach herds immunity for measles.
5,10
Sokoto state remains one of Nigerian states with recurrent measles outbreak in the past decade. In an earlier report on infant mortality in Sokoto, it was established that measles is among the five leading causes of death in the state. 11 Sokoto state is a cosmopolitan city. The Hausa-Fulani ethnic groups, who are predominantly of Islamic religion, constitute the most inhabitants of the city and the state in general. Although English is the official language, Hausa is the main spoken language in Sokoto state. The main economic activities in the area are farming, business and cattle rearing. Agriculture is the backbone of the economy and riverine flood plains provide cash crops for the farmers.
Study population: All settlements and health facilities within the 23 local government areas are within the scope of this outbreak investigation. The outbreak investigation includes all persons less than 15 years, living in affected communities with symptoms suggestive of measles (cases) or without symptoms (controls).
Study design:
We conducted a cross-sectional descriptive study and an Unmatched Case-Control Analytical study.
We defined cases according to the World Health Organization (WHO) criteria as follows;
Suspected measles case: Any person, who resided in any of the LGAs in Sokoto state and developed fever and maculopapular (non-vesicular) rash and any of the following: cough, coryza (runny nose) or conjunctivitis or any person in whom a physician suspects measles. 5 Confirmed measles case: Any suspected case with laboratory confirmation of measles-specific IgM antibodies, who had not received measles vaccination within 30 days before the specimen was collected. 5 We actively searched for cases across affected LGAs of the state. We retrieved all line-listed measles cases from the states Disease Surveillance and Notification Officer (DSNO) starting from December, 2015. All the state's surveillance system apparatus were directed to report any case that fits into the case definitions to the state epidemiologist or local government DSNOs immediately.
For each suspected case, we collected information on age, sex, vaccination status, residence and time of onset of illness. For each suspected case, we selected one unmatched control from the same settlement, who fits into our inclusion criteria for analysis. We administered a semistructured questionnaire to parents or care-givers of suspected cases and controls in all affected settlements. The questionnaire was designed to collect information on basic biodata, vaccination status and other factors associated with contracting measles for both cases and controls. We analyzed data for the outbreak using Microsoft Excel 2013, Epi-info version 7, and Health Mapper.
Inclusion criteria Cases
Any resident of affected communities who tested positive for IgM or had symptoms of measles from January 1 to March 1, 2016 are agreed to participate in the study.
Controls
Any resident of the affected communities who was a neighbor to a case, who did not develop signs and symptoms of measles during the period and with no past history of measles, who agreed to participate in the study.
Exclusion criteria
Cases: any asymptomatic person with or without a past history of measles.
[AMJ 2016;9(9):324-335] Controls: Any patient who is above 15 years of age.
Sample size estimation:
The sample size for the casecontrol study was calculated using Epi-Info version 7 for Two-by-two software, with; 95 per cent Confident Interval (CI), Power of 80 per cent and Odds Ratio (OR) of 3. Frequency of exposure among controls of 20 per cent and case to control ratio of 1:1. A total sample size of 226 was calculated (113 cases and 113 controls). To cover for attrition, we added 10 per cent of the calculated sample size (226+23=249). We thus approximated our sample size to 250 (125 cases and 125 controls).
Ethical consideration and informed consent
We got the permission of the State Ministry of Health to conduct the study after the review and adaptation of the study instrument (questionnaires). The communities were informed of the study by the State Epidemiologist prior to our arrival. We used staff of the health facilities as guides into affected communities. We obtained informed verbal consent from all study participants before we administered questionnaires to subjects. Confidentiality was assured throughout the study. We did not use names or address of participants in our study. We treated participants with respect and all participants willingly participated in the study without being paid money or coerced.
Data management
All the line listed data we collected from the states DSNO were entered into excel sheet, cleaned and used for descriptive analysis. We entered questionnaire data into Epi-info version 7 software for analysis. We conducted univariate and bivariate analysis using Epi-info version 7 and Microsoft Excel 2013.
Laboratory investigations
Venous blood samples were collected from first to fifth suspected cases seen at all health facilities in all affected
LGAs. These samples if collected, are sent for measles confirmation, while subsequent cases from these areas are epi-linked to confirmed cases or diagnosed using clinical signs and symptoms only. All collected samples were sent to the Measles Reference Laboratory in Kaduna state for laboratory confirmation. Measles confirmation in the laboratory was done using serological test for serum immunoglobulin M (IgM) antibodies specific for measles.
Results

Descriptive
The Figure 1 ).
Twenty-two out of the 23
LGAs were affected during this measles outbreak. Wurno LGA recorded the highest number of cases (154), while Yabo had the least case. Rabah LGA did not report any measles case during the period. Five (5) of the 22 affected LGAs (Wurno, Sokoto south, Sokoto north, Illela and Goronyo) accounted for more than half (57 per cent) of the cases recorded ( Figure 2 ). Cases were scattered across the whole state, affecting both rural and urban
LGAs. There seem to be clustering of cases within the central area of the state (Figure 3 ).
Laboratory investigation
Out of the 979 recorded cases, 89 (9.1 per cent) had their blood sample taken for laboratory confirmation of measles, where 21 (23.6 per cent) of the 89 tested positive for measles.
Analytical (Case-Control)
A total of 238 respondents were recorded for the casecontrol study, 128 cases (53.8 per cent) and 110 controls (46.2 per cent). Children less than 5 years made up 80.5 per cent of cases and 75.5 per cent of controls, followed by the five-nine years age group with 17.2 per cent of cases and 22.7 per cent of controls. In total, there were more males (54.2 per cent) than females (45.8 per cent) respondent. The majority of respondents are Hausas (78.8 per cent), followed by Fulanis (19.9 per cent). Also, Islam constitutes the major religion of respondents with 98.7 per cent. The majority (96.6 per cent) of the parents of respondents are married. Only 28.9 per cent of the cases and 46.4 per cent of the controls had received measles vaccination. Vaccination coverage for both cases and control was 37 per cent, whereas 60.9 per cent had never received measles vaccination ( Table 2) .
Children whose mothers have no formal education were more likely to develop measles compared with children whose mothers had formal education (Primary, Secondary or Post-secondary) (OR: 2.9, 95 per cent CI: 1.4-5.9). Also, children who had not been immunized for measles were more likely to be measles cases than children who had at least one measles immunization (OR: 2.0, 95 per cent CI: 1.1-3.4). Children whose parents were civil servant were less likely to develop measles compared to those children whose parents' were farmers or traders (OR: 0.2, 95 per cent CI: 0.1-0.5). Mother's age, distance to nearest health facilities and amount of money spent on immunization had to effect on the disease status of the children (Table 3 ).
Discussion
Our investigation found a massive measles outbreak in Sokoto state that had spread and involved almost all of the local government areas of the state. The majority of the affected children are less than five years of age, while almost all affected children are less than 10 years of age. Though the measles outbreak had a low Case Fatality Rate, the majority of the deaths occur in children less than five years. The CFR found in this study is below the national average of 11 per cent. 13 Most studies however alludes to the highest prevalence of measles in under-five year children. 13, 14 There was delay in reporting and notification of the outbreak, which eventually lead to delay in response to the outbreak. Both sexes are almost equally affected. Very few cases had their blood samples collected for laboratory confirmation. There was generally low vaccination coverage in all affected communities in the LGAs of Sokoto state.
Low level maternal education and lack of measles immunization of children are factors that we found to adversely affect development of measles in children, while fathers' regular and constant income (civil servants) tends to positively affect measles infection in children of Sokoto state. Studies done in Nigeria had shown maternal knowledge and education to be major determinants of immunization coverage in children, hence factors that prevent measles in childhood. 15 We recognized the following limitations to our study; that many cases were concealed and under reported, which had drastically reduced the number of cases in the line-list submitted to the States' DSNO. We hence visited and actively searched for cases in the most hard-to-reach and most affected areas of the state. We also made hands-on assessments of these areas. Also, transportation of samples to measles reference laboratory at Kaduna state (which is about 500 kilometers away from Sokoto state) may have affected the laboratory outcome of the samples. We ensure that most samples we collected are well stored and transported in standard conditions.
Conclusion
Based on our investigation, we recommended a robust public health enlightenment on girl-child education across Sokoto state, strengthening of the Sokoto state Disease Surveillance and Notification system, planning and execution of more outreach sessions for routine immunization activities at the ward level in each LGA, and improving infrastructure for routine immunization activities and surveillance.
We took the following public health actions during the course of our investigation; immediate administration of Vitamin A to active cases and encouraging parents of susceptible children to have them vaccinated henceforth, health education talks to parents/guardians of affected and susceptible children (at all settlements we visited) on the importance of routine immunization, incorporation of routine immunization into the February 2016 immunization plus days (IPDS). This was achieved by ensuring that two fixed posts in each ward of every LGA in the state had health workers who administered the routine antigens. 
